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FOLIAR riTICLK 


I'liK dried leaves Df specimens of the Winteraceae frequently have a more 
or loss conspicuously glaucous under surface, which lluctuates Irom faintly 
grayish to an intense uniform while. This glaucescence resolves uiuler com¬ 
paratively low magnifications into a number of distinct patterns. In most 
ca.ses, the under surface of the leaf is speckled with white dots, higs. 1—6. 
rh(“se dots vary in size and in number per unit area. They may be uni¬ 
formly distributed and widely spaced, fig. 2, or they may b(‘ aggregated 
and apiiarently coalesced in diverse patterns. Fig. 3. Furthermore, they 
mav be surrounded bv brownish tissue. Figs. 1 and 2, or they may be 
embedded in a grayish or wdiite layer that coals the entire under surface 
of the Ic-af, Figs. 4-6. In e.xtreme cases, e.g. leaves of certain collections 
of Drinivs granadeiisis L. L, I), hrasiliensis Miers, and Fseudoivintera 
axillaris var. eolorata (Raoul) .A. Sm., the white layer may be so com¬ 
pact and thick that no spots are detectable within it. 

The white spots are due to minutely granular or finely alveolar deposits 
in till' oval or circular deivressions in which the stomata are situated, Hgs. 
7 and .S'. The alveolar substance covers the guard cells, oeeluding the 
oriliee, and commonly extends outward over the adjacent subsidiary cells. 
In such leaves as those illustraterl in Figs. 1 and 2, the finelv alveolar 
material is localized over and about the stomata, whereas in those shown 
in Figs. 4—6 it extends across the intervening areas, but in a thinner or less 
homogeneous form. Only in exce[)tional cases is the entire surface covered 
by a thick uniform laver of fmelv alveolar material which conceals the 
location of the stomata. 


riie white color is due to the pre.sence of air in the interstices of the 
incrusting material, d’his may be demonstrated by dropiving a glaucous 
leaf in boiling writer, d'he leaf turns brown as the air is displaced by hot 
water, and the white color returns as the leaf is re-dried. Lhis raises an 
important question regarding the extent to which the glaucescence of 
winteraceous leaves mav be modified bv differences in the drving or curing 
of herbarium specimens. The leaves of different collections of the same 
spt'cies frequently vary in color from brown to white. Not infrequently 
different leaves of the same collection or even of the same sheet exhibit 
similar v.iriations in glaucescence. I'he cons[)icuousIv glaucous leaves of 


certain 



s exhiliit more or less extensive browm discolored areas. 


\ 


detailed microscopic examination of such discolored leaves indicates that 
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there was a migration and exudation of sap in the discolored tissue. As 
this sap evaporated, it left a brownish residue in the minute interstices of 
the incrusting material. The occurrence of browning during drying is 
dependent in part upon the structure and condition of the leaves and upon 

the thickness of the incrusting material. 

We have found more or less conspicuous white stomatal areas on the 

leaves of most investigated species and varieties of all six genera of the 
W'interaceae. Thus the occlusion of stomata by deposits of minutely 
alveolar material appears to be an outstanding characteristic of the family. 
Where the stomatal j)lugs are not clearly discernible in ordinary surface 
views of the leaves, microscopic analyses of transverse sections demonstrate 
that they are concealed by papillae (Driwys brasilirnsh pro parte), hig. 11, 
by excessively thick layers of glaucescent material (e.g. certain collections 
of D. granadensis vars. mcxicana ( DC .) C. Sm. and grand!flora Hieron.), 
Fics. 9 and 10, or have been infiltrated with brownish residues during 

O * / 

drying. 

Since the publication of De Bary’s (2) “Vergleichende Anatomic,” granu¬ 
lar, areolate, rod-like, and other types of structures on the outer suiiace of 
cuticles have commonly been referred to as wax or waxy coatings. It is 
significant in this connectiem, however, that although the incrusting material 
of the Wanteraceae stains in Sudan 111 and is optically anisotropic, it does 
not melt in boiling water and is in.soluble in boiling alcohol, hot ether, and 
other non-polar solvents. Thus, it exhiliits none of the properties that are 
commonly assumed to lie characteristic of plant wa.xes and, theref(»re, (litters 
from the glaucescence of certain Alagnoliaceae and Schisandraceae which 
is soluble in boiling alcohol and in ether at rc^em temperature. I he (|ues- 
tion arises, accordingly, whether the seemingly incrusting material of the 
W'interaceae is a distinct layer of different chemical composition or merely 
a physically different (i.e. more porous) outer part of the cuticle. I he 
thick cuticles of the W’interaceae, as of many other plants, exhilut numer¬ 
ous intergradations between putative homogeneity and more or less con¬ 
spicuously striated, lamellated, areolated, granular, ribbed, tinted, and 
warty structures, .At present, there is no convincing evidence to suggest 
that any one of these diverse morphological forms is indicative nece.s.sarily 

of a waxv rather than ol a cutinaceous composition. 

.As previously stated, the stomatal plugs of the W interaceae usually have 
a uniform and finely alveolar structure. Figs. 7 and (S', They commonly 
grade off marginally (i.e. in the inter-stomatal areas) and more or less 
abruptly into varying admixtures of finely alv'colar and coarsely granular 
or wartv structures, which mav grade in turn into more or less extensive 
and irregular j^atches of relatively homogeneous material. In certain cases, 
the entire under surface of the leal mav have a relativelv thick coating of 
finelv alveolar material upon which irregular mas,ses of homogeneous 
material are superimposed, Figs. 9 and 10. The thick cuticle of the inter- 
stomatal areas is three-layered. Fig. 10, consisting of a homogeneous layer 
which grades into an alveolar la>er which grades in turn into irregular 
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masses of homoi^eiicous material. Since there are all inter^radatiuiis of tex¬ 
ture, it seems likeK' that the fmelv alveolar material of the W'iiiteraceae may 
represent a physicallx' |)orons phase of the chemicall> complex, cuticular 
emulsion. In many lamilies, there obviouslx’ is a se^rejtation of specific 
continuents (t'.jt. wax) of this coinjilex emulsion u|ion the outer surface of 
the cuticle, hut tlu-re are no a priori reasons for assumiiif^ that this must 
necessarily occur in the W’interaceae. 

Our colh-ayme. 1 )r. Smith (.O. with whom we are collahoratintt in the 
stu(l\‘ of woo(I\- ranalian families, has shown that tht' whit<‘ slomatal areas 
are of some taxonomic sijtnificance in the classification of the W'interaceae. 
riie consistent plujt,u:inu of tht* stomata makes the family of interest from 
|>hysiolonical and I'colouical points ol \’i<‘w. and leads om* to wonder whether 
there is any siitnificant correlation between the peculiar stomatal and vascu¬ 
lar structures within the family. I'lie fact that there is no comparable 
plujtuitijt ot the stomata in the \'es>elless Irtraccntroo and 'rrorliodnidron 
renders untenable anv leleolouical inferences reitardinu the absence of 
vr'ssels in the W'interaceae. d'he tendenev toward reduction of scalariform 
[►ittinn in the lamiK’ mi^ht, howex’er, be correlated w’ith reduced trans|dra- 
lion throutth |)lu,ugin^ of the stomata. It is of interest in this connection 
that the (dnilerae (where scalariform bordered |)ils have Ix'en eliminated 
trom both the meta.xylem and the secondary xylem) are ch.iracterized by 
ha\ing stomata that are jilugged with fmelv alveolar material. 

I’AIMLI.ATK Ki'IDKRMIS 

Tht' aerial organs of the W'interaceae with the notable excejition of the 

car()els are characteristically glabrous. In certain cases, hairs are formed 

ahmg the margins of bud .scales and of \’oung leaves, but tht* t^nlv tendenev 

• • • 

toward the formation ot extensi\el\’ distributetl hairv strut tures on mature 

• * 

leax'es is the pa[>illate.. lower epidermis of Drioiys hrasi/innis. fi^. II. 
Most specimens t)f the four varietit's of this species, \-ars. rmnpeslri.s (St. 
llil.) Miers, n tortn (Miers) .\. ('. Sm.. auyustiiolin (.Miers) A. Sm.. 
and rorainK osis .\. ( . .'sm.. exhildt papillate surtaces. but certain collectitins 
of var. caoipi'stris (HurrhoU i’laiissr)i I()6d, Dii.u'ti 11504, Uoohne 

I2U5 and JS7i)0, l.iitzi Uu ry J^S, and Miers 4604) tio not. Tht' papillae 
lluctuate considt'ralil\‘ in fttrm. length, and Itreadth, and in the character 
ol their cutit'iilar co\cring. which varies from fmel\' ahi'olar to coarselv 

^ m 

granular or warty. The absence ot [tapillate surfact's in tertain collections 
of /). hrosihensis \'ar. i <iiiipestr/s is not correlated with other significant 
morphologie;d dilterenct's. .\dr is the gt*ogra|ihicaI distribution of these 
collections indicative of a stalih* glabrous varietx' of /). /irasilieiisis. .\s Dr. 

m 

Smith (A) has shown, the morphological charactt*rs of the New World 
[\\ inf era) secti(»n of Driniys are ri'lativelv unstable. The various taxo¬ 
nomic entities are not sharply (h'fmed and ma\' be differentiated only by 

m ^ 

their general trends of morphological .specialization. Thus, the papillate 
character is variable and unstable in D. hrasiliensis and by itself cannot 
be relietl uj)on in dilterentiating taxonomic entities. 
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FOLIAR SCLKRFNX'HVMA 

'I'he leaves of the Winteraceae lliictuate markedly in texture and thick¬ 
ness and exhibit corresponding; variations in their internal structure, d'he 
cells of the e[)idermis and mesophvll vary in size, form, and arrangement, 
in the thickness of their walls, and in the character of their i)itling. d'he 
cellular characters lliictuate so markedly within species and apiiarently 
also within different leaves of the same individual that it is diflicult tn 
utilize such characters in differentiating ta.xonomic entities without examin¬ 
ing a much wider range of material than is available at pre.sent. There are, 
however, certain structures and certain trends ol specialization in the 
leaves of the Winteraceae that de.serve mention, d'he stomata of the 


Winteraceae are chtiracterized by having from 2 to 6 subsidiary cells 
oriented parallel to the guard cells. The leaves of the family are also ch;ir- 
acterized by the presence of numerous spherical secretory cells such as 
occur in the cortex and pith of the stem and in the lloral organs. Since 
both of these cellular characters are of common (tccurrence in woody 


rtimilian families, thev are not indicative of 
of these families. 



relationship to any one 


.\s indicated in the preceding pa[)er (I ) of this series, the larger foliar 

bv sclerenchvrna in the Wiutcra section of Drhuvs, 


veins are 



whereas the terminal veinlets are not, the only lignitied elements being 
si)irally or reticulately thickened tracheids, 13 and 15. d'he scleren- 

chymatous jackets of the larger veins are composed of slender, elongated, 
thick-walled cells. 'The leaves of this section of Drimvs form, in addition, 
more or less numerous large, armed sclereids that are scattered through 
the spongy part of the mesophyll, Fi^s. 13 and 15. "These sclereids are 
conspicuous features of the leaves of D. bnisilirnsis and D. (^raiuidrnsi.s, 
Iteing poorly developed or absent in only a few collections ol these species. 
On the contrary, they are absent or feebly developed in D. var. 

(indina Reiche. They lliictuate in abundance in D. conjrrtijolia Thik, 
D. ir/;;/c /7 var. punctata (Lam.) DC'., and D. W’iiitrci var. ch'dcnsis (DC.) 
A. (ira\7 In var. punctata of D. Wintcri, they tend to be more numerous 
on either side of the midrib, whereas in var. ch'dcnsis the\’ freijiiently tend 
to be unevenly thickened and to be associated with smaller more nearly 
isodiametric thick-walled cells. 

In the Tasniannia section of Driniys, both the coarser veins and the ter¬ 
minal veinlets usuallv are embedded in miire or less ma.ssive sclerenchv- 

m 

matous jackets, Fii^s. 14 and IS. ()nl\- infref|uently does one encounter a 


specimen 


having 


terminal veinlets of the 



which characterizes the 


ir/;//( 77 / section of the genus. In most cases, the veins have an inner iacket 
of elongated thick-walled cells and, in addition, an outer layer of shorter, 
broader lignified cells who.se secondary walls lliictuate considerably in thick- 
ness in different specimens. Fiy^s. 14 and 1<S. Interspersed sclereids, of the 
type which are formed so commonly in the W intcra section of Driniys, are 
of exceptional occurrence, having been encountered by us only in certain 
atypical specimens of Driniys Brassii A. C'. Sm., D. hatainensis Becc., and 
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D. reticulata Diels. I hese interspersed sclereids are, however, conspicu¬ 
ously smaller and have less extensively projecting arms than those of the 
Wintcra section. Such sclereids, of the type shown in Fig. 17, are of more 
frequent occurrence in Pseudowiutera axillaris var. colorata (Raoul) \. C. 
Sm., but the veinlets of this plant, as (vf var. typica .\. C. Sm., are some¬ 
what intermediate in structure between those of the Wintcra and the 
Tasniannia sections of Drimvs. 

In the six species of FcUiolurn available to us. the veins and terminal 
veinlets have .sclerenchymatous jackets of the Tasniannia type. Isolated, 
lignilied, thick-walled ciJIs and clusters of sclereids are of spf)radic occur¬ 
rence in the leaves of B. rivulare v. 'Fiegh. {Vicillard 227S). 'Flu* cells of 
the meso[)hvll in l(*aves of B. crassifoTmin (B.aill.) v. 'I'iegh. (Scldrc/iter 
153dS) hav(‘ curious lignified reticulate thickenings, such as were encoun¬ 
tered by van I'ieghem (4 ) in the leaves of B. Panchcri ( Baill.) v. 'Fiegh. and 
B. \ icillardi v. Fiegh. W e have not ol)S(“rved such thickenings, however, 
in the leaves of B. Burttianum .\. Sm. {Ka'jcwski 16.S0), B. gracile A. (’. 
Sm. {Brass 2<S0S). B. haplopus ( Burtt ) .\. Sm. (Kajeu'ski PJQ3), B. 
Kaj('ivskii A. C. Sm. {Kaje^eski 2099), and B. rivulare v. Tiegh. ( Vicillard 

2278 ). 

In the leaves of the 17 species of Buhbia examined l)v us, the veins and 
terminal veinlets ha\e sclerenchymatous jackets of the Tasniannia typ<*. 
Fig. 19, but the mesophyll exhibits a wide range of structural variabilitv. 

m 

'Fhe cells ot the mesophyll ma\' have walls of relatively uniform thickness. 
Fig. 19, or they may have lignified reticulate thickenings as in certain collec¬ 
tions ol Bellioluni. Isolated, inters[>(Msed. lignified, thick-walU'd cells. 
Fig. 17, which vary in form, aliundance, distribution, and wall thickness, 
occur in more than half of the species examined liy us. More or le.ss massive 
clusters or nests ot .sclereids. Fig. 12, art* formed in a numlier of species. 
In B. pachyantha A. ('. Sm. {Brass 9.171), they occur in association with 
intersper.sed, isolated sclereids; in B. isoneura v. 'Fiegh. (Vicillard 17), 
B. seniecarpoidcs (F'. v. .Muell.) Burtt (Ka'jcwski 1219), B. svlvestris 
.‘\. Sm. (Cleniens 91112), and B. Whitcana V. Sm. (Kajnvski 1995), 
they occur among reticulatelv thickened mesophyll cells. It is of interest 
that, as shown in Figs. 12 and 17, the structure of the leaf mav lluctuate 
markedly in different collections of the same .s|)ecies. In B. sylvestris, the 
walls of the mesophyll in ( lemcns 91809 are of relatively uniform thickness 
throughout, whereas in Cleniens 9993 they are jirovided with n'ticulate 
thickenings, and in Clemens 91192 with such thickenings in association 
with conspicuous nests (»f sclereids. 

'Fhere is an even wider range of x'ariability in the foliar structures of 
y^ygogynuni. Fhus, the terminal veinlets of /. pamiieruni Baill. ( Balansa 
2328) and /.. spathulatuni v. Fiegh. (\'ieillard 2299) are without well 
deveIo|iefl sclerenchymatous jackets, the cells of the mesophvll hav«“ rela¬ 
tively uniform thickenings, and there are no inters[)er.sed sclereids (»r nests 
of sclereids. On the c<intrar\', in Z. Bailloni v. Fii'gh. (Franc). /.. bicalor 
V. Tiegh. {Lecart 91), and Z. Vieillardi Baill. {Franc 1790), the veins and 
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terminal veinlets are of the Tasmannia type, the cells of the mesophyll have 
reticulate types of thickenings, and both armed thick-walled cells and nests 
of sclereids are scattered through the mesophyll. The veins and veinlets 
are of the Tasmannia type in both sj^ecies of Exosprrnium, E. Lccarti 
Tiegh. (Lecart 144) having a reticulately thickened mesophyll and 
E. stipitatum (Baill.) v. Tiegh. {Vicillard 2281) a thin-walled one with 

scattered more or less isodiametric sclereids. 

The available evidence indicates that internal foliar characters are un¬ 
stable and variable in the Winteraceae, particularly in the genera Hdliolum, 
Bubbia, and Zygogynum. Much more e.xtensive collections must be studied 
before attempting to utilize such characters as an aid in differentiating 
ta.xonomic entities. Sufficient material has been analyzed, however, to 
indicate that there are certain significant trends of foliar specialization in 
the Winteraceae. In the Wintcra section of Driniys, increasing coriaceous¬ 
ness is attained largely by the formation of large, armed sclereids inter¬ 
spersed through the mesophyll, Tigs. 13 and 15. On the contrary, in the 
Tasmannia section of Drimys, sclerification progresses along the veins and 
veinlets, the bulk of the me.sophyll remaining thin-walled, Figs. 14 and 18. 
Ill BdUolum, Bubbia, and Zygogynum, increasing coriaceousness commonly 
involves intensified sclerification along the veins and veinlets. Fig. Ib, the 
formation of interspersed sclereids and clusters of sclereids. Figs. 12 and 17, 
and not infrecpiently the formation ot lignified thickenings throughout the 
mesophyll. In the more coriaceous species of Bubbia and Zygogynum, all 

three trends of sclerification may occur simultaneoush’. 

As noted bv van Tieghem (4), there are conspicuous variations in the 

_ «' • 

occurrence and distribution of sclerenchymatous cells in the stems and 
petioles of the Winteraceae. In the stem, each vascular strand of the 
eustele is capped externally by slender thick-walled fibers and is sulitended 
internally by elongated, lignitied, thick-walled cells. Ituring the earlier 
stages of the develoiiment of the secondary body, the external arcs of fibers 
may be fused into a more or less continuous ring of sclerenchyma Iiy the 
sclerification of intervening {larenchymatous elements. I he laier-tormed 
secondary phloem is not stratified as in the Degeneriaceae, Magnoliaceae, 
and Annonaceae, but contains irregularly oriented patches of sclerenchy¬ 
matous tissue. The pith and corte.x may contain scattered scleren¬ 
chymatous cells of varied form, clusters ol sclereids, or may be largely 
devoid of such structures. In general, there is a much more extensive 


sclerification of the cortex and pith in the Old World representatives of 
the Winteraceae. Particularly in the more coriaceous sjiecies of BdUolum, 
Bubbia, E.xospcrmum, and Zygogynum, there tends to be an exaggerated 
development of clustered sclereids throughout the pith and cortex. 

It should be mentioned in conclusion that crystal-bearing cells are of 
relatively infrequent occurrence in the lamina of winteraceous leaves. They 
have been observed by us only in Bubbia Clcmcnsiac A. C. Sm. {Clemens 
4596) and Exospermum stipitatum (Baill.) v. Tiegh. {\ icillard 2281). 
According to van Tieghem (4), there are no crystalliferous cells in the 
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stems and leaves of Driwys, but such cells occur in the stems of Psrudo- 
wintcra, Bellioluw, Huhhia, Exospermuvt, and Zygogynum, being com- 
monlv more or less closeh' associated with the medullarv and cortical 
sclereiichvnia. 
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FXPLANATIO.X OF PLATFS 


PiATi: 1 

I.ower surlace of dry leaves photographi‘d with retlected light. Miignification 


40. 


Fio. 1. Zygogy;////;/ \’'u'illanl} Haill., Franc 1740. Fic. 2. Psrudoicinirra a.xillaris var. 
typira A. C. Sm., Kirk 7^47. I’lc. 5. Huhhia loui^ijaHa A. C. Sm., Frass I.^SOS. Fio. 4. 
Drtmys piperita llotik. 1.. Fhnrr oujj, Fio. 5. Priniy^ IF/;//f’r/ var. chiloi.sis (DC.) A. 

Fio. f». Priniys yratiadrnpis var. niexicana (DC.) .A. C. Sm., 


(ira\N Iliistinys 
Standlcy 425/o. 




Pl.mi 11 


Figures 7 11: transxer.se stations of leaves stained with Haidenhain's haemato.wlin 

m 

:ind Sudan Ill and mt)unted in gKcerin. 

,Fi(;. 7. Zxeoyxnum Bailltnii w riegh.. Franc Showing occlusion of stoma bv 
alveolar cutin, \ 900. Fic. S. Printvs \ar. chilrn\is (I)C.) A. (ira\*, Sar^cfit. 

a b\ al\’i‘olar cutin. • IISO. Fio. 9 . prif):ys ^riifiadcfisis war. 
i^iinidijlorn Hieron., Holloti '*'7'. Showang occlusi^in of stoma l)V intern:dl\' alveolar 
and e\*tt‘rnall\ homogtaieous cut in, ^ 900. h it;. 10. Ihdniys ^ranadciisis ynr. yrandiflora 
Micron., 1 riana. Showing .>-la\'ert‘(l cuticle in inttu'.slomatal region, the middle laver 
being alveolar, X 900. h'lo. 11. Prifn\\\ hra'silirnsis var. campestris (St. Mil.) Miers, 
Mcxui 5701, Showing occluded .stoma between two papillae, > 900. Fit;. 12. Huhhia 
Whitcana A. C. Sm., Kajezeski 14^->. (deared leal showing clusters ot sclereids, x SO. 


pLAin III 

Leaves cleared in hot dilute XaOH and mounted unstainefl in diaphane. Magnifica¬ 


tion 






145. 


Fir.. 15. Priniys ^ranadcftsi.s var. yrandiflora Micron., Cuatrreasas 06S7. Fir. H. 
Primys rid)iyino.\a A. C. vSm., Hricss 1202*^. hir 15. Priniys yraniidcnsis var. y^randi- 
flora, Halls 5740. Fir. 1(). Huhhia lonyifolia A. C. Sm., Hrtiss JxS^S. Fir. 17. Huhhia 
If hitcana A. C. Sm., Hrass 227S. h ir. IS. Pritnxs nun rant ha .*\. C. Sm., Brass 45lo, 


Hn)ioricAi. IvABohatok ik.s, 
Harvaki) Tmvkrsitv. 


